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Device for induction hardening 

The invention relates to a device for the induction 
hardening of components which have a circular cross 
5 section, especially crankshafts, with two inductor 
half-shells arranged along a portion of the periphery 
of the component to be hardened. 

Devices of the generic type are known from the general 
10 prior art. By means of these devices, crankshafts for 
example are hardened in their outer layer, to be 
precise by the two inductor half -shells being brought 
up to the component to be hardened and said component 
rotating between the inductor half -shells . A current 
15 is then passed through the inductor segments of the 
inductor half -shells, whereby the component to be 
hardened is heated. After quenching, which, depending 
on the material of the component, is carried out with 
an aqueous polymer solution or oil, a specific hardness 
20 of the component is then obtained. 

The known devices have two inductor segments for each 
of the inductor half -shells, in each case resulting in 
substantially congruent heating by the two inductor 

25 half -shells of the component to be hardened. For this 
reason, the hardening zone of the hardened component is 
very inhomogeneous and, on account of its particular 
shape with a depression or "dent" in the middle, is 
also referred to as a "dog bone". On account of this 

3 0 inhomogeneous form of the hardening zone, it is very 
difficult to establish in practical use whether an 
adequate hardening depth has been reached in the 
hardening process. Although the depth of the hardening 
zone can be inferred to a certain degree from the width 

35 of the same, more precise conclusions are to be 
regarded as extremely critical on account of the 
pronounced depression in the middle of the hardening 
zone. It is therefore required in practice to make 
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cuts through the hardening zone at relatively frequent 
time intervals to allow the hardening depth to be 
measured. However, this procedure is on the one hand 
very laborious and on the other hand always leads to 
5 destruction of the component to be hardened. 

The problematical situation described is adversely 
experienced in particular in the case of crankshafts on 
which the bearing locations to be hardened have a very 
10 small axial dimension, as is more frequently the case 
with modern crankshafts . 

It is therefore the object of the present invention to 
provide a device for the induction hardening of 
15 components which have a circular cross section, 
especially crankshafts, with which a more homogeneous 
form of the hardening zone can be achieved, and with it 
greater reliability of the process. 

20 According to the invention, this object is achieved by 
at least one of the two inductor half-shells having 
only one inductor segment through which current flows. 

The fact that, according to the invention, at least one 
25 of the two inductor half-shells only has one inductor 
segment allows a very much more homogeneous hardening 
zone to be achieved in the component to be hardened, 
with which the depression in the middle can be avoided. 
This more homogeneous hardening zone makes it possible 
30 to conclude from the lateral spacing of the hardening 
zone from the edge of the component, that is from the 
width of the hardening zone, the depth of the same, 
whereby laborious measuring procedures can be avoided. 

35 A further advantage is that the tolerances that are 
usually prescribed by customers for the lateral spacing 
of the hardening zone can now be better exploited, 
since, even with a relatively great lateral spacing. 
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and consequently a relatively narrow hardening zone, 
the depth of the same is adequate or reliably achieved, 
and this produces a high level of reliability of the 
process. As a result, the device according to the 
5 invention can be used over a longer period of time and 
it is no longer necessary for the inductor segments 
through which current flows, which are responsible for 
heating the component, to be exchanged as often because 
they have become worn. The required presettings and 
10 examinations of the inductor segments are reduced 
correspondingly. On account of these reserves in the 
process, the time intervals at which measurements are 
taken on the components to be hardened can 
advantageously also be increased. 

15 

Furthermore, with the device according to the 
invention, a relatively precisely defined amount of 
heat is introduced into the component, whereby it is 
possible to carry out the tempering of the component 

20 that is usually required after the hardening just from 
that residual heat that is still in the component. 
This makes it possible to dispense with otherwise 
necessary furnaces which are arranged downstream of the 
hardening installation and in which the components are 

25 tempered. This saves not only procurement costs but 
also maintenance and production costs and additionally 
requires a smaller amount of space. 

At the same time, it is advantageously possible even 
30 for already existing induction devices to be 
retrofitted with the inductor half-shells. In spite of 
only one inductor segment, no increase in power is 
required for the inductor half-shell concerned, but 
instead the power can in some cases even be reduced on 
35 account of the better efficiency that is obtained by 
the arrangement according to the invention. By 
shortening the heating times, an overall reduction in 
the cycle time can be advantageously obtained. 
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In a very advantageous development of the invention, it 
may be provided that one of the inductor half -shells 
has two inductor segments and that the other inductor 
5 half -shell has only one inductor segment. 

With such an arrangement, components of a width that is 
not extremely small can be hardened very well in 
particular, since the inductor half-shell which has the 
10 two inductor segments can be used to achieve an 
adequate width of the hardening zone, whereas the 
inductor half-shell which has only one inductor segment 
can be used or arranged in such a way that an adequate 
depth of the hardening zone is obtained. 

15 

It is of particular advantage in this connection if the 
inductor half -shell which has the single inductor 
segment is arranged offset in the longitudinal 
direction of the component with respect to the inductor 
20 half -shell which has the two inductor segments in such 
a way that the single inductor segment is located 
centrally between the two inductor segments. 

The central arrangement of the single inductor segment 
25 with respect to the two inductor segments achieves the 
effect that, precisely in that region in which the 
hardening depth would in fact be less on account of the 
intermediate space between the two inductor segments, 
it is nevertheless adequately great, since the single 
3 0 inductor segment can ensure the adequate hardening 
depth. A further advantage of this configuration is 
that it is very much easier to set the inductor 
segments or the inductor half -shells, since the 
inductor half-shell with the single inductor segment 
35 only has to be set centrally with respect to the 
inductor half -shell with the two inductor segments, it 
being possible for the inductor half-shell with the two 
inductor segments to be easily set for lateral 
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coupling, and, as mentioned above, the lateral 
tolerances can be easily maintained. 

In the case of particularly narrow components or 
5 portions of components to be hardened, it may be 
advantageous if the two inductor half-shells each have 
only one inductor segment. 

In this connection, it may be provided that the two 
10 inductor half-shells are arranged offset in relation to 
each other in the longitudinal direction of the 
component to be hardened. 

This offset arrangement of the inductor segments with 
respect to each other allows the width of the hardening 
zone to be varied, while adequate verif lability of the 
hardening depth is nevertheless ensured as long as a 
certain width of the component to be hardened is not 
exceeded. 

Further advantageous refinements and developments of 
the invention emerge from the remaining subclaims and 
from the exemplary embodiments represented in principle 
below on the basis of the drawing, in which: 

Figure 1 shows a plan view of a device for induction 
hardening according to the invention; 

Figure 2 shows a view of the device according to the 
3 0 invention as indicated by the arrow II from 

Figure 1; 

Figure 3 shows a schematic representation of the 
resultant hardening zone of the component to 
35 be hardened in the case of hardening by an 

inductor half -shell with two inductor 
segments ; 



15 



20 



25 
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Figure 4 shows a schematic representation of the 
resultant hardening zone of the component to 
be hardened in the case of hardening by an 
inductor half-shell with one inductor 
5 segment; 



10 



Figure 5 shows a schematic representation of the 
resultant hardening zone of the component to 
be hardened in the case of hardening by the 
two inductor half -shells from Figure 3 and 
Figure 4 ; 



Figure 6 shows a schematic representation of the 
resultant hardening zone of the component to 
15 be hardened in the case of hardening by an 

inductor half-shell with one inductor 
segment ; 



Figure 7 shows a schematic representation of the 
20 resultant hardening zone of the component to 

be hardened in the case of hardening by an 
inductor half-shell with an inductor segment 
arranged offset in relation to the inductor 
segment from Figure 6; and 

25 

Figure 8 shows a schematic representation of the 
resultant hardening zone of the component to 
be hardened in the case of hardening by the 
two inductor half-shells from Figure 6 and 
3 0 Figure 7. 



Figure 1 shows a device 1 for hardening a component 2 
of circular cross section. The component 2 may be, for 
example, a crankshaft for an internal combustion 
3 5 engine, the bearing locations of which are to be 
hardened by means of the device 1 . The component 2 
does not necessarily have to have a continuously 
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circular cross section, but the cross section at the 
location to be hardened is in each case circular. 

The device 1 has a housing 3, in which two inductor 
5 half-shells 4 and 5 extending along part of the 
periphery of the component 2 are arranged. The first 
inductor half -shell 4, arranged in the present case on 
the left side of the housing 3, has a conductor through 
which current flows, which consists for example of 

10 copper and is referred to as inductor segment 6 . By 
contrast, the inductor half -shell 5, which in the 
p3^esent case is on the right side of the housing 3 and 
is offset by a specific angle with respect to the first 
inductor half-shell 4 along the periphery of the 

15 component 2, has two inductor segments 7 and 8, which 
in the present case likewise consist of copper and 
likewise extend along the periphery of the component 2. 
The inductor half -shells 4 and 5 or the inductor 
segments 6, 7 and 8 are provided with current supply 

20 and removal leads, which however may be configured in a 
known way and are therefore not discussed in any more 
detail. It should merely be mentioned that the 
inductor half -shell 4 has a return segment 9, which 
together with the inductor segment 6 provides a closed 

25 circuit of the inductor half -shell 4. In the case of 
the inductor half -shell 5, the closed circuit is 
ensured by the two inductor segments 7 and 8 , which can 
extend in a conventional way. 

30 In Figure 2, the different configuration of the two 
inductor half -shells 4 and 5 can be seen more clearly. 
Thus, the two inductor segments 7 and 8 of the inductor 
half-shell 5 extend at a distance from each other and 
form an intermediate space 10 between them. The 

3 5 inductor segment 6 of the inductor half -shell 4 is 
arranged centrally between the two inductor segments 7 
and 8 and covers the intermediate space 10. In the 
present case, the single inductor segment 6 is made 
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wider than the two inductor segments 7 and 8, for 
example twice as wide, these geometrical relationships 
depending substantially on the component 2 to be 
hardened. It goes without saying that the inductor 
5 segment 6 could also be made narrower than the 
intermediate space 10 and consequently not cover the 
Scone. In general, the inductor segment 6 should be 
arranged centrally with respect to the two inductor 
segments 7 and 8, and consequently centrally with 
10 respect to the intermediate space 10. 

To harden the component 2, current is passed through 
the inductor segments 6, 7 and 8 and the component 2 is 
rotated. If the surface of the component 2 that is to 

15 be hardened is a bearing surface arranged eccentrically 
in relation to the center axis, for example a bearing 
surface of a connecting rod, the device 1 must perform 
a corresponding movement during this rotation in order 
for it constantly to maintain a uniform distance from 

20 the component 2, the so-called coupling distance. For 
this purpose, arranged between the two inductor half- 
shells 4 and 5 and outside the same in the present case 
are three sliding shoes 11, which are in contact with 
the component 2 and in this way ensure a constant 

25 coupling distance. If appropriate, however, 

contactless accompanying movement of the device 1 
during the movement of the component 2 would also be 
possible. On account of the current flow through the 
inductor segments 6, 7 and 8, the same are heated and 

3 0 lead to heating of the component 2 by magnetic 
induction, for example to a temperature of 950°C. Once 
the component 2 has reached a corresponding 
temperature, preferably an aqueous polymer solution is 
directed onto the component 2 by means of so-called 

35 sprays 12, and in this way provides for cooling of the 
Scune. This heating and rapid cooling of the component 
2 achieves the effect, in a way known per se, of 
changing the microstructure within the component 2, 
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which is constituted by the hardening zone 13a - 13 f 
that is represented in Figures 3 to 8 . During this 
heating of the component 2, a relatively precisely 
defined amount of heat is introduced into the same, 
5 whereby it is possible after the hardening process to 
carry out the tempering of the component 2 from the 
residual heat that is still in the component 2 . This 
takes place at the material-specific tempering 
temperature . 

10 

In this case, both the single inductor segment 6 and 
the two inductor segments 7 and 8 are provided with 
metal plates 14, which serve to increase the magnetic 
field and consequently improve the efficiency of the 
15 device 1. To increase the hardening depth, the metal 
plates 14 and/ or the coupling distance can be changed. 

Represented in Figure 3 is the hardening zone 13a, 
which is obtained if the component 2 were hardened by 

20 means of the second inductor half -shell 5, which has 
both inductor segments 7 and 8 . It can clearly be seen 
in this case that the hardening zone 13a is not 
homogeneously formed overall and has in the middle, 
that is in that region in which the intermediate space 

25 10 is located in the case of the inductor half -shell 5, 
a depression or "dent". This depression leads to a 
reduction in the hardening depth of the hardening zone 
13a, which is accompanied by the problems described 
above with respect to the quality of the components 2. 

30 This form of the hardening zone 13 a is generally 
referred to as a "dog bone" and also occurs in the case 
of hardening methods according to the prior art if both 
inductor half -shells each have two inductor segments. 

35 Figure 4 shows the hardening zone 13b, which is 

produced if the hardening method were performed just 

with the first inductor half-shell 4 with the one 

inductor segment 6. In this case it can be seen that. 
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although the hardening zone 13b has an adequate depth, 
the width of the same is too small for the width 
represented of the surface of the component 2 that is 
to be hardened. 

5 

Represented in Figure 5 is the hardening zone 13c, 
which is obtained if the hardening process is carried 
out with the two inductor half -shells 4 and 5 described 
with reference to Figures 1 and 2 . A clear overlap 
10 between the two hardening zones 13a and 13b can thus be 
seen, leading to the homogeneous hardening zone 13 c 
without depressions and with a substantially planar 
extent in the middle region according to Figure 5 . 

15 This homogeneous hardening zone 13c allows the lateral 
spacing of the hardening zone 13c from the edge of the 
component 2 to be used to conclude the depth of the 
same. This lateral spacing of the hardening zone 13c 
can be determined, for example, by etching, so that 

20 destruction of the component 2 is not necessary. 

Figures 6, 7 and 8 show further hardening zones 13d, 
13 e and 13 f, which are obtained if the second inductor 
half -shell 5 of the device 1 has only one inductor 

25 segment, for example the inductor segment 7. The 
hardening zone 13d according to Figure 6 is formed in a 
way similar to the hardening zone 13b according to 
Figure 4, since here, too, only one inductor segment, 
namely the inductor segment 6 of the first inductor 

30 half -shell 4, is used. However, this is- arranged 
outside the middle. 

The same also applies to the hardening zone 13 e 
according to Figure 7, which is merely offset in the 
35 longitudinal direction of the component 2 with respect 
to the hardening zone 13d, since the inductor segment 7 
of the second inductor half-shell 5 is offset in the 
longitudinal direction of the component 2 with respect 
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to the inductor segment 6 of the first inductor half- 
shell 4. 

Figure 8 shows the hardening zone 13 f, which is 
5 obtained if the component 2 is hardened by means of the 
two inductor half -shells 4 and 5 according to Figures 6 
and 7. Here, too, it can be seen that the hardening 
zone 13 f is considerably more homogeneous than is the 
case with the hardening zone 13a. The offset of the 
10 two inductor segments 6 and 7 of the inductor half- 
shells 4 and 5 in relation to each other allows the 
width of the hardening zone 13 f to be determined in 
this case. 

15 A device 1, in which the inductor half -shells 4 and 5 
each have only one inductor segment 6, is advisable in 
particular whenever the width of the surface of the 
component 2 that is to be hardened is very small, for 
example in the case of very narrow bearing locations of 

20 crankshafts. In this connection, it would also be 
possible not to offset the two inductor half-shells 4 
and 5 but to arrange them congruent ly with respect to 
the component 2 . The resultant hardening zone would be 
similar to the hardening zones 13d and 13e according to 

25 Figures 6 and 7 and would be suitable for extremely 
narrow surfaces to be hardened. 



